ABSTRACT Physiological stress was studied in broilers using a new model employing continuous release of adrenocorticotropin (ACTH). A total of 42 adaptive response parameters were evaluated. A treatment response ratio, P-value transformation, and stress score were determined for each parameter. The treatment response ratio was calculated by dividing the maximum response of the ACTH-treated birds for each parameter by the average response of control (CON) birds in all cases in which maximum response of ACTH-treated birds exceeded the average response of CON. This treatment response ratio is designated hereafter as ACTH/CON ratio. In those cases in which average response of CON exceeded maximum response of ACTH-treated birds, the reciprical equation was employed (i.e., CON/ACTH ratio). Proba-
INTRODUCTION
Stress in birds, as well as other animals, involves a cascade of physiological adaptive responses. Puvadolpirod (1997) evaluated 42 different adaptive responses in broilers that received continuous adrenocorticotropin (ACTH) administration for 7 d via surgical implantation of mini-osmotic pumps.
Results of her studies have been compiled into a series of reports which collectively describe a new model of stress in chickens. The first report describes the method of continuous ACTH administration and validation of appropriate controls (Puvadolpirod and Thaxton, 2000a) . The second report evaluates dosimetry of ACTH and con-391 bility value transformations were determined by transforming P-values as follows: NS P-values or those exhibiting significance at values less than probability of 5% were expressed as P < 0.05 = 1, P-values exhibiting significance between 0.05 and 0.02 were expressed as P at 0.05 to 0.02 = 2, and P-values exhibiting significance at probabilities of 1% or less were P < 0.01 = 4. Each stress score was calculated as treatment response ratio times Pvalue transformation. The 42 response parameters were assigned to one of four adaptive categories, and these were morphologic, endocrine, and blood metabolites; digestion and metabolism; and reticuloendothelial responses. The endocrine and blood metabolites category had the highest average of the four stress response categories, and five of the top ten parameters were found in this category.
cludes that the minimum effective dose is 8 IU/kg BW/ d for 7 d (Puvadolpirod and Thaxton, 2000b) . The third report describes the temporal pattern of principle adaptive responses. Results indicate that by 2 h, plasma corticosterone (CS) was elevated; by 12 h, plasma glucose (GLU) was elevated; and by 18 h, liver weight increased concomitantly with hepatic lipid, whereas liver moisture decreased. By 24 h, relative weight of the spleen decreased; by 2 d, heterophil/lymphocyte (H/L) ratio was elevated; by 4 d, BW and relative weights of the bursa of Fabricius and thymus were decreased; and by 12 d, liver protein content decreased. The fourth report evaluates digestive and metabolic responses as related to continuous ACTH treatment. Feed intake was slightly elevated during ACTH treatment; however, water intake and excretory output were elevated dramatically. Additionally, ACTH caused decreases in digestion of most nutrients. Following stress, absorption of most nutrients was decreased, as was feed intake. Apparently, stressed birds established a new setpoint for feed intake, and recovery of lost BW was not accomplished within the 7- P-values were arbitrarily assigned as follows: NS (P < 0.05) = 1, P > 0.05 to P > 0.02 = 2, P < 0.01 = 4. Siegel and Van Kampen (1984) detailed the effects of CS on digestive and metabolic responses in chicks; however, reports of the role of ACTH in digestive and metabolic responses are lacking. Therefore, this model is deficient in one important aspect, specifically, a quantitative evaluation of adaptive responses. The purpose of the present report is to detail a simple quantitative evaluation of individual stress responses. Puvadolpirod (1997) evaluated a total of 42 adaptive responses following continuous ACTH administration in broilers. These responses have been partitioned into four response categories: morphologic responses (Table  1) , endocrine and blood metabolites (Table 2) , digestive and metabolic responses (Table 3) , and reticuloendothelial responses (Table 4) . Each response parameter has been assigned three numerical equivalents, which are treatment response ratio, P-value transformations, and stress score. The treatment response ratio, expressed as either ACTH/control (CON) or CON/ACTH ratio, is simply the maximum response that occurred when the chick received ACTH at 8 IU/kg BW/d for 7 d divided by the average response of appropriate CON birds during the experimental period (i.e., ACTH/CON ratio) or the reciprocal of this equation (i.e., CON/ACTH). Values of all parameters are published (Puvadolpirod and Thaxton, 2000a,b,c,d; Puvadolpirod, 1997) . Transformations of P-values were arbitrarily assigned as follows: if the P-value was nonsignificant, i.e., less than P > 0.05, it was assigned a value of 1; if the P-value was between P = 0.05 and P = 0.02, it was assigned a value of 2; and if the P-value was P = 0.01 or less, it was assigned a value of 4. Stress scores were calculated for each parameter as treatment response ratio multiplied by the P-value transformations.
MATERIALS AND METHODS
The parameters included in the morphologic adaptive responses (Table 1) were liver lipid (%), relative liver weight (g/kg), dry carcass weight (kg), body weight (kg), liver moisture (%) content, relative total adrenal weight (mg/kg), relative pancreas weight (mg/kg), dry carcass yield (%), liver protein (%) content, relative total lung weight (mg/kg), relative heart weight (mg/kg), and relative total testes weight (mg/kg). The parameters included in the endocrine events and blood metabolites (Table 2) were corticosterone (CS; ng/mL), plasma glucose (GLU; mg/dL), high-density lipoprotein (HDL; mg/dL), total plasma protein (g/dL), and plasma triglycerides (mg/dL). Digestive and metabolic responses (Table 3) were digestion of N-containing compounds (%), total excreta output (g/d), water intake (g/d), absorption of N-containing compounds (%), fecal dry matter (%), fecal fat (%), fecal N-containing compounds (%), fecal carbohydrates (%), digestion of dry matter (%), absorption of ash (%), feed intake (g/d), digestion of ME (%), absorption of fat (g/d), absorption of carbohydrates (%), absorption of ME (kcal/d), fecal ash (%), digestion of carbohydrates (%), fecal gross energy (kcal/kg), and digestion of fat (%). Finally, reticuloendothelial parameters included H/L ratio, relative thymus weight (g/kg), relative spleen weight (g/kg), and relative bursa of Fabricius weight (g/kg).
Descriptions of methodology involved with quantitation of the various parameters have been fully detailed in the reports of Puvadolpirod and Thaxton (2000a,b,c,d) . The CS levels were determined by RIA; GLU, cholesterol (CHOL), HDL, and triglycerides by autoanalyzer (Elliott, 1984) ; and H/L ratio was microscopically determined (Natt and Herrick, 1952; Cook, 1959) . Total liver lipid was by extraction (AOAC, 1980), Mean CON value divided by maximum value attained in ACTH-treated chicks for each parameter. P-values were arbitrarily assigned as follows: NS (P < 0.05) = 1, P > 0.05 to P > 0.02 = 2, P < 0.01 = 4.
5
Stress scores were calculated as ACTH/CON or CON/ACTH ratio times P-value transformation.
6 CS = corticosterone, GLU = glucose, HDL = high-density lipoprotein, CHOL = cholesterol, TP = total plasma protein, and TRI = triglycerides. and soluble liver protein was determined spectrophotometrically (Wadell, 1956 ). Feed and water intakes, as well as excretory outputs, were determined by direct measurements, gross energy was by bomb calorimetry (AOAC, 1984) , and total nitrogen was by Kjeldahl procedure.
RESULTS AND DISCUSSION
Morphologic responses are summarized in Table 1 . Liver lipid content and relative liver weight exhibited the highest stress scores in this category. Ten additional Mean CON value divided by maximum value attained in ACTH-treated chicks for each parameter. P-values were arbitrarily assigned as follows: NS (P < 0.05) = 1, P > 0.05 to P > 0.02 = 2, P < 0.01 = 4.
5
Stress scores were calculated as ACTH/CON or CON-ACTH ratio times P-value transformation.
6 N-CPD = nitrogen-containing compound; CHOL = cholesterol.
parameters are included in this category. The scores of these ten parameters ranged from 2.35 for carcass weight to 1.00 for relative total testes weight.
Among the endocrine and metabolic responses (Table  2) , CS was the best indicator of stress. The CS was the first parameter to respond after implantation of pumps which released ACTH continuously (Puvadolpirod and Thaxton, 2000c) . This response occurred by 2 h after implantation, and the magnitude of responsiveness of CS was greatest among all adaptive responses studied. The CS is the most reliable indicator of stress in chickens. Mean CON value divided by maximum value attained in ACTH-treated chicks for each parameter.
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P-values were arbitrarily assigned as follows: NS (P < 0.05) = 1, P > 0.05 to P > 0.02 = 2, P < 0.01 = 4.
5
6 H/L = heterophil/lymphocyte.
Digestive and metabolic responses are presented in Table 3. Digestion of nitrogen-containing compounds and total excreta output were the top parameters among the 19 evaluated in this category.
Recituloendothelial responses are presented in Table 4 . The H/L ratio is the most responsive parameter in this category. However, involution of immunobiological tissues (i.e., thymus, spleen, and bursa of Fabricius) are key indicators of stress in poultry species.
The top ten adaptive repsonses (i.e., those that exhibited the highest stress scores) are summarized in Table 5 . Of the four categories of adaptive responses, the endocrine and metabolite category is by far the most reliable indicator of the stress condition. The averages of the four categories were endocrine and metabolites = 26.88, reticuloendothelial responses = 5.33, digestive and metabolic responses = 3.98, and morphologic responses = 2.96. Among these parameters, four were in the endocrine and metabolite category, three in digestion and metabolism, two in morphology, and one in reticuloendothelial responses.
Stress scores, as derived herein, may offer choices to researchers, avian medicine practitioners, and poultry production specialists as they attempt to evaluate stress All adaptive response values were reported in Puvadolpirod (1997) .
2 CS = corticosterone, GLU = glucose, TWBC = total white blood cells, N-CPD = nitrogen containing compounds, HDL = high density lipoprotein, and CHOL = cholesterol.
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Stress scores were calculated as ACTH/control (CON) or CON/ACTH ratio times P-value transformation. The ACTH/CON ratios were the maximum value attained for each parameter in ACTH-treated birds divided by mean CON value. The CON/ACTH ratios were mean CON values divided by maximum value attained in ACTH-treated chicks for each parameter. P-values were arbitrarily assigned as follows: NS (P < 0.05) = 1, P > 0.05 to P > 0.02 = 2, P > 0.01 = 4. responses in birds. For instance, a researcher with a wellequipped laboratory would be advised to measure endocrine and blood metabolites, especially CS, GLU, CHOL, and blood lipids. In research, precise measurements are mandatory to assess marginal physiologial responses. However, if the model of continuous ACTH release via osmotic pumps is employed, the magnitude and temporal sequence of responses will favor differentiation of stressed and nonstressed birds (Puvadolpirod and Thaxton, 2000a,b,c) .
The practitioner may choose to perform counts of total white blood cells, liver weight, and blood metabolites such as GLU, CHOL, and HDL. The choices may be dictated by accessability to equipment and technical personnel to perform other assays. Precision of diagnosis often involves input of several sources of information including laboratory analyses, necropsy findings, and patient histories. These stress scores may become an asset to diagnosis of the stress condition.
Poultry production personnel may find stress scores helpful. Obviously, their choices will center on responses included in the morphologic, digestion and metabolism, and reticuloendothelial categories. Body weight, carcass weight, and yield; feed and water intake; liver weight; appearance of the bursa of Fabricius, spleen, and thymus; and total fecal output are all parameters that are closely observed by those involved with production of birds. Rapid loss of 10 to 15% BW in a 1-wk period may indicate to a producer that birds are stressed. Additionally, during this stress period, a moderate increase in feed intake concomitant with dramatic increase in water intake will be observed. The consequence of alterations in metabolism and nutrient intakes will result in feed passage syndrome. Violent expulsion of excreta that has the appearance of wet feed and a strong odor are to be expected. At necropsy, the liver will be visibly enlarged and often streaked with yellow-fatty material. The bursa of Fabricius, spleen, and thymus will all be visibly decreased in size. At processing, a loss in yield comparable with the loss in BW is to be expected.
Caution is always advised when attempting to diagnose stress. As indicated in Puvadolpirod and Thaxton (2000a,b,c,d) , stress consists of a series of nonspecific adaptive responses that facilitate return to the normal condition. Often, what are thought to be nonspecific stress responses (i.e., responses that can be caused by any of several stressors) are actually specific physiological responses. For example, if excess NaCl is added to the diet, increased water intake followed by increased excretory output is to be expected. This is a specific response to increased Na + concentration in the blood. However, when the cause of specific physiological responses has been satisfied and the bird continues to exhibit nonspecific responses, as described herein, then stress should be considered. Prevention or alleviation of stress is not addressed in the present model. However, recognition of stress in most instances is required before antistress measures can be implemented. The present model clearly details a highly predictable pattern of adaptive responses that collectively depict the bird's mechanism to survive, resist, and return to the homeostatic condition following a stressful situation.
